Introduction {#sec1-1}
============

Autism or autistic disorder is a serious epoch of life due to developmental disability which after a profound examination medically, psychologically and neurologically, four definitive criteria were to be fulfilled \[[@ref1]\] \[[@ref2]\].

Severe abnormality in social interaction;Severe abnormality in communication skills even in most frequently speaking language;Very confined, monotonous and stereotyped pattern in his/her behaviour; andStarts very early (before the age of 3 years).

Autistic children are unique in their diet pattern, dietary habits and their hygiene habits leading to a compromised intraoral condition. When diet and oral health is considered, Moynihan stated that "Good diet is essential for the development and maintenance of healthy teeth, but healthy teeth are important in enabling the consumption of a varied and healthy diet throughout the life cycle," thus highlighting the reciprocal relationship between diet and oral health \[[@ref3]\]. Parental and informal clinical reports, alongside with a few research investigations, it gives us a hint that children with autism have bizarre dietary patterns \[[@ref4]\] \[[@ref5]\] \[[@ref6]\]. These are regularly depicted as excessively particular, with antipathies for particular textures, colours, smells, and temperatures and stubborn for particular brands of foods \[[@ref4]\].

These children in their daily routine are provided with food rewards mostly in the form of sweets. Restricted diet for these children by making them eat limited types of food or in specific the physician recommended diet like the gluten/casein-free or partially g-tube fed or low acid diet \[[@ref7]\] \[[@ref8]\] \[[@ref9]\] \[[@ref10]\].

Different people incline towards foods in their daily life, so there is a part of the individual variation in their dietary habits. These habits play a very consequential role in dental caries with conflicting results from the previous studies. Like for example, the intake of sugar plays a very significant role in dental caries (Gustaffson et al. 1954, Nizel and Papas,1989; Rugg-Gunn 1989) was confirmed long back. But several procedural imperfections built in these studies make it hard to confirm a convinced association between dietary habits and dental caries (Screenby, 1975; Newbrun, 1982) \[[@ref11]\]. But its role cannot be taken trivially from the recent studies \[[@ref12]\] \[[@ref13]\] where it is proved that dietary habits take a very important role.

Oral hygiene practices are voluntary physical activities that have at least two requirements: motivation and manual dexterity \[[@ref14]\]. Thus, increase in dental caries would be more in children who are physically or mentally challenged individuals \[[@ref15]\]. Like in this study autistic children were taken into consideration to find any association between diet, dietary and hygiene habits with the occurrence of dental caries.

Dental caries is a disorder with a combination of factors, and it is arduous to correlate all these factors at the same time. There have been no studies documented in literature in this part of Saudi Arabia estimating the occurrence of dental caries about a specific diet, dietary and hygiene habits in autistic children. So an attempt was made to correlate these factors in children who have autism in Dammam city. A cross-sectional study was designed for the parents to answer the questionnaire and correlated each of them with the prevalence of dental caries.

The purpose of the study is to assess the association of diet, dietary, and hygiene habits with the occurrence of dental caries.

Material and Methods {#sec1-2}
====================

After getting this study approved by the institutional review board (IRB), Riyadh Colleges of Dentistry and Pharmacy (Riyadh Elm University), an official letter from the College Board was used for further study in autistic schools in Dammam city, Saudi Arabia. The study was conducted in two steps. Firstly answering the questionnaire by the parent and later oral examination of the child. The sample for our study was taken from three special schools for autistic children in Dammam city, Saudi Arabia.

Study Instrument {#sec2-1}
----------------

The self-administered questionnaire combined from previously reported researchers \[[@ref12]\] \[[@ref13]\] gathering information about the close-ended questions into four parts as demographic characteristics (age, gender, educational level and income of the parents) followed by 18 questions related to diet (6 question), dietary habits (6 question) and hygiene habits (6 questions).

The consumption of specific diet related to dental caries was evaluated and was assessed with this structured questionnaire. This part of the questionnaire was focused on the consumption of soft diet, confectionaries, soft drinks, nuts and pulses, fruits and vegetables. The response options were regular or occasional. The dietary habits included food rewards, recommended diet, and frequency of sugar intake, fast food and snacks. Oral hygiene habits included here are whether the child brush or not, brushing and the ease of difficulty for the parent. The questionnaire also includes the frequency of dental visit and the reason for their visit. Also asked about by whom the children get their teeth brushed (mother/child himself/caregiver/sibling).

To avoid irrelevant answers by the patients who were not well acquainted with English, an English-Arabic rendition of the survey was defined. The idea of rewording was to obtain an instrument with theoretical similarity. The first English survey was converted into Arabic dialect by a bilingual local Arabic speaker and from that point indiscriminately back-interpreted by another bilingual local Arabic speaker. Through these thorough cycles of interpretation and back interpretation, after getting convinced that the actual meaning of the survey was maintained. A pilot contemplates completed utilising this bilingual instrument to guarantee identicalness, clearness, and understanding. This was done according to Kotha SB et al., \[[@ref16]\].

To reduce the bias in answering the questionnaire by the parents, the third person (teacher) distributed and made them answer away from the dentist \[[@ref17]\].

Oral examination {#sec2-2}
----------------

The children with Autism were examined at special schools, seated on a comfortable chair, under natural light using sterile portable equipment which included mouth mirror, explorer and cotton pellets. Tell-Show-Do (TSD) technique was used to manage these children.

Examination of the oral cavity for dmft for the patients was done according to World Health Organization caries diagnostic criteria \[[@ref18]\]. The two examiners were selected to examine the children and the method followed was according to that done by Kotha SB et al., \[[@ref16]\].

Data collection and statistical analysis {#sec2-3}
----------------------------------------

After a brief description of the study to the mothers, they were given two days' time to answer the self-administered questionnaire about diet, dietary and hygiene habits of their autistic children. After getting approval from the parent, it was followed by an oral examination of the child. The data were analysed statistically using SPSS software SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). The variables are analyzed using t-tests and ANOVA. Pearson's correlation coefficients were calculated for each of the independent variables to examine for autocorrelation.

Results {#sec1-3}
=======

The mean age for the present study is 5.8 years with almost an equal distribution among males and females where in which the females (4.55) found to have more caries in comparison to males (3.42) though not statistically significant. The results of other factors like the mother's (P = 0.346) and father's (P = 0.679) education about dental caries found to be not significant. The caries occurrence is reduced in the group where the parents have a better education. The income of the family (ANOVA) also showed no significance (P = 0.816) though it was found that caries is more in low-income group ([Table 1](#T1){ref-type="table"}).

###### 

Sociodemographic characteristics in relation to dental caries

  S. No   Demographic data      Groups   dmfs    t       p-value   
  ------- --------------------- -------- ------- ------- --------- -------
          Gender                Male     3.42    3.044   -1.142    0.258
          Female                4.55     2.505                     
          Mother's education    School   4.00    3.433   0.944     0.346
          Graduation and more   3.28     2.479                     
          Father's education    School   3.85    3.619   0.416     0.679
          Graduation and more   3.52     2.476                     
          Income                \<5000   4.00    4.472   0.204     0.816
          5000-10000            3.69     2.681                     
          10000 and above       3.25     2.745                     

Dietary preferences and dental caries {#sec2-4}
-------------------------------------

It was observed that autistic children preferred soft diet making them more susceptible to caries though not statistically significant (P = 0.7). Regular consumption of confectionaries increases dental caries (5.08) than children who take them occasionally (1.38) and which seems to be highly significant between two groups with P = 0.000. Similar results are also observed in children who regularly drink soft drinks (5.39) than children who take them occasionally (2.12) with a P value of 0.000. When comparing the other food groups like nuts and pulses, there is a significant correlation between regular (5.09)and occasional consumption (2.74) groups, and it was found to be significant (P \< 0.05). Other healthy foods included in our study are fruits and vegetables where in which the caries is increased in children who consume these occasionally compared to a group having it regularly. The results are not significant. These results conclude that regular intake of confectionaries, soft drinks, and nuts and pulses increase the occurrence of dental caries ([Table 2](#T2){ref-type="table"}).

###### 

Diet preferences in relation to dental caries

  S. No          Dietary preferences   Groups      dmft   t       p-value   
  -------------- --------------------- ----------- ------ ------- --------- -------
  1              Soft diet             Yes         3.80   2.72    0.323     0.748
  No             3.54                  3.10                                 
  2              Confectioneries       Regularly   5.08   2.69    5.994     0.000
  Occasionally   1.38                  1.71                                 
  3              Nuts and pulses       Regularly   5.09   2.85    3.224     0.002
  Occasionally   2.74                  2.69                                 
  4              Soft drinks           Regularly   5.39   2.98    5.111     0.000
  Occasionally   2.12                  1.98                                 
  5              Fruits                Regularly   2.92   2.985   -0.958    0.342
  Occasionally   3.81                  2.965                                
  6              Vegetables            Regularly   3.62   2.879   -0.015    0.998
  Occasionally   3.63                  3.235                                

Dietary habits and dental caries {#sec2-5}
--------------------------------

Food rewards for the autistic children are usually in the form of sweets showed increased susceptibility for dental caries which is not significant (P = 0.2). The physician recommended a diet in specific for autistic children coincidentally reduce dental caries (3.22) compared to the group not consuming this recommended diet (3.69) though not statistically significant (P = 0.6). Sugar intake regarding quantity having two groups in our study, those consuming sugar more than two spoons per day (dmft = 5.5) and less than two spoons per day (dmft = 1.42). The results show that there is high significance (P = 0.000). Similar results are seen in children having sugar in between meals (dmft = 5.19) in comparison to the group not having (dmft = 1.90). Though not significant in the study, unhealthy lifestyle practices like frequent snacking (P = 0.461), regularly having fast foods (P = 0.140) increased dental caries ([Table 3](#T3){ref-type="table"}).

###### 

Dietary habits about dental caries

  S. No          Dietary habits        Groups            daft   t       p-value   
  -------------- --------------------- ----------------- ------ ------- --------- -------
  1              Food rewards          Yes               3.87   3.06    1.207     0.232
  No             2.79                  2.51                                       
  2              Recommended diet      Yes               3.22   2.48    -0.436    0.665
  No             3.69                  3.05                                       
  3              Sugars/day            \> 2 spoons/day   5.05   2.718   5.818     0.000
  1-2 spoons     1.42                  1.742                                      
  4              Sugar between meals   Yes               5.19   2.799   5.171     0.000
  No             1.90                  2.076                                      
  5              Fast food             Regularly         3.77   3.006   1.495     0.140
  Occasionally   1.50                  1.000                                      
  6              Snacking              Regularly         4.00   3.207   0.743     0.461
  Occasionally   3.41                  2.844                                      

Hygiene habits and dental caries {#sec2-6}
--------------------------------

[Table 4](#T4){ref-type="table"} shows the distribution of parents' responses of how the hygiene habits are maintained of which whether the child is getting brushed regularly or not and the method of brushing about dental caries. The results through ANOVA showed that children using brush and paste (3.51) have fewer caries than compared to other groups who are using either Mishwak (4.25) or brush and water without paste (3.72) to clean the oral cavity. The results shown here in our study are not significant (P = 0.8). The group which brushes regularly have reduced caries compared to the group who does irregular brushing though not significant (P = 0.4). Regarding ease of difficulty, it is understood that brushing an autistic child is a big task and so there is an increase in caries in this group of children (3.97) in comparison to other groups where the parents who feel brushing is moderately difficult (3.25) or easy (3.20). The results here are not significant (P = 0.640).

###### 

Hygiene habits about dental caries

  S. No                   Hygiene Habits     Groups            dmft   t       p-value   
  ----------------------- ------------------ ----------------- ------ ------- --------- -------
  1                       Brushing method    Brush and Water   3.72   3.611   0.123     0.885
  Mishwak only            4.25               3.096                                      
  Brush+paste             3.51               2.694                                      
  2                       Brushing           Sometimes         4.21   3.620   0.847     0.400
  Regularly               3.45               2.765                                      
  3                       Ease of brushing   Difficulty        3.97   2.658   0.449     0.640
  Moderately difficult    3.25               3.138                                      
  Easy                    3.20               4.324                                      
  4                       Dental visit       Never             3.63   2.977   1.922     0.136
  If there is a problem   4.41               3.081                                      
  Occasionally            1.75               1.832                                      
  Regularly               1.00                                                          

The results show that only 14.8% of the children were able to brush their teeth on their own, while the remaining 85.2% needed help during tooth brushing. More than half (73.8%) of the children were helped by their mothers in brushing their teeth. 93.4% preferred manual brushing over the use of the electric brush.

[Table 5](#T5){ref-type="table"} showed the Pearson correlation to assess the association between the type of diet, dietary and hygiene habits with dental caries resulted in the diet plays a very significant role about dental caries, and it was significant (P \< 0.05).

###### 

Pearson correlation coefficients to assess the association between dental caries with diet, dietary and hygiene habits

         Diet       Dietary habits   Hygiene habits
  ------ ---------- ---------------- ----------------
  dmfs   -0.591\*   -0.057           -0.146

Discussion {#sec1-4}
==========

The purpose of the study is because, in Saudi Arabia, very little research is being concentrated on the association of diet, dietary and hygiene habits with dental caries in children with autism. In Saudi Arabia, though autism is more prevalent, the dental care for children with cerebral palsy and Down's syndrome are handled better because these conditions are diagnosed at birth unlike autism where the children are completely normal at birth and is diagnosed later resulting in less direct involvement of the dentists to give instructions and warn about the factors that affect the maintenance of oral hygiene \[[@ref17]\].

Before discussing the actual results of the study, the reason for choosing school as the place of study because schools are the best site for the children to cooperate as they are acquainted with this environment, and these children are very dependent on routine and continuity unlike a new place that may evoke a negative behaviour \[[@ref19]\].

The caretakers were requested to participate in our study to make the patients open their mouth for oral examination and for some children parental involvement was taken because these children cannot easily make contact with the unfamiliar people. This explained the need for the caretaker and the parent for oral examination \[[@ref19]\] \[[@ref20]\] \[[@ref21]\] \[[@ref22]\].

In this study, male predilection is more compared to the females in par with previously reported researches \[[@ref2]\] \[[@ref19]\] \[[@ref23]\] \[[@ref24]\] \[[@ref25]\] \[[@ref26]\] \[[@ref27]\] \[[@ref28]\] most probably because of high level of fetal testosterone and potential genetic/ chromosomal effects \[[@ref19]\] \[[@ref29]\].

Numerous researchers demonstrated that various factors are directly responsible for the occurrence of dental caries, but the predictive power of certain factors like mother's and father's education and their income were considered less important. Though the results are not significant (mother's education P-value = 0.3, father's education P-value = 0.6) in this study, the parental education plays a very significant role in dental caries. The parent's education helps the children maintain their oral hygiene as they comprehend the significance of good oral habits and so pass on to their children \[[@ref30]\]. Parental income is related to a socioeconomic status where the parents of the autistic children with higher income, will have lower dental caries because the parents can provide good facilities to maintain their oral hygiene \[[@ref23]\]. The results also showed that children whose parents income is less showed more caries occurrence though not significant (P = 0.8).

Studies showed that children with autism prefer specific type of food which made us to select specific dietary preferences (confectionaries, soft drinks, nuts and pulses, fruits and vegetables) mentioned in our questionnaire \[[@ref31]\] along with certain dietary habits (food rewards, recommended diet, sugars per day, sugar between meals, fast food and snacking).

It is evident that the autistic children prefer soft food which increases the incidence of dental caries \[[@ref32]\] as they prefer to pouch the food in the oral cavity instead of swallowing due to poor tongue coordination leading to increased occurrence of dental caries \[[@ref29]\] \[[@ref33]\] \[[@ref34]\] have similar results though not significant (P-value = 0.7) in the present study.

It was observed that the intake of confectionaries and soft drinks regularly increased dental caries as in our study show highly significant relation (P-value less than 0.001). Children consuming confectionaries four times a day were almost 20 times more chances for the child to develop dental caries \[[@ref12]\]. There are various studies supporting the significant relation between caries and soft drinks and are significantly related \[[@ref12]\] \[[@ref35]\] \[[@ref36]\] \[[@ref37]\].

The nuts and pulses act bifunctionally about dental caries. These type of foods reduce dental caries because of more fat content (e.g., peanuts) coating the teeth and thus lowers the retention of consumed food. Alternatively, fats may have toxic effects on oral bacteria and thus reduce the sugar solubility \[[@ref38]\]. Because of the fibrous content of nuts and pulses increase in saliva production and so the buffering action thereby reduction of caries. The converse results are shown in this study and are significant (P-value = 0.002) probably nuts rich in starch content, reduces the clearance from the oral cavity and autistic children have the habit of pouching food in the mouth increase the chances of caries \[[@ref38]\].

Previous researchers \[[@ref4]\] \[[@ref39]\] \[[@ref40]\] \[[@ref41]\] \[[@ref42]\] showed that autistic children are very sensitive to bitter taste leading to refusal of certain foods and it could be the potential reason for reduced intake of vegetables in par with our study where 68.9% of the children rejected having vegetables. In contrast, According to Diolordi L et al., \[[@ref39]\] fruits are preferred by the autistic children may be because of its texture and sweet taste wherein our study, 78.7% of the children preferred having fruits. About dental caries, previous researchers \[[@ref13]\] analysed that fruits/vegetables are having a snack replacing the sugar or sweet reduced dental caries. Similar results were achieved but not significant.

The question asked to the child whether he augments appropriate behaviour with food rewards, 23% of the children approved to reinforce but unfortunately the reward was in the form of sugars/sweets increased dental caries. No significant association (P-value = 0.2) was found between dental caries and food rewards as in \[[@ref7]\] \[[@ref43]\].

Diet for the autistic children is restricted like for example gluten and casein because it was incited with a couple of hypotheses is that the aberrant metabolism of these two proteins may develop an excessive opioid activity in the central nervous system, altering its function \[[@ref44]\]. The other reason is that if there is an abnormal gut barrier or intestinal permeability, it results in leaking of gluten, casein, and their metabolites into the bloodstream and to the central nervous system \[[@ref44]\]. This combined with the metabolic defect may contribute to developing autistic symptoms. This gives the reason to encourage a gluten-free and casein-free (GFCF) diet for autistic children \[[@ref44]\]. According to Avsar et al \[[@ref45]\] showed that the regular use of this physician prescribed GFCF diet reduces the occurrence of dental caries which was proved by Acer el in his research that there is low prevalence in the colonization of mutans streptococci (MS) and lactobacillus (LB) \[[@ref45]\] and so reduced dental caries. The results of our study show that the caries is reduced in children who are on physician recommended diet but not significant (P value = 0.6).

Our examination did not research the complexities of what kinds of snacks were consumed in between meals (regardless of whether it contained high starch content). However, this present research has mentioned an objective fact that children who were in the propensity for eating in between meals or increase in sugars intake per day had higher dmft scores. This finding would serve as an imperative contribution to educate the children about evading in-between meals eating behavior. Most children have a tendency to go to fast food centers and eat undesirable snacks in-between meals that are generally high in sugar and fat, as many studies \[[@ref12]\] \[[@ref13]\] \[[@ref30]\] \[[@ref40]\] pointed that incessant eating of snack, sugar and cooked starch between meals will enhance chances of caries. American Dental Association has suggested that everyone irrespective of age must restrict themselves in eating and drinking in-between meals and when they wanted to snack incline towards nutritious nourishment recognized by the US Department of Agriculture Dietary Guidelines \[[@ref12]\]. Our investigation likewise found that there was a very high significant relation of increasing sugars approximately by more than two spoons per day and the habit of eating in-between meals with dental caries (P value \< 0.001). No distinction in occurrence of caries when the children have the habit of frequent snacking in fast food centers.

Most of the autistic children because of their physical impairments and poor manual dexterity within them needed help from their parents or caregivers \[[@ref17]\]. The mothers' part and eagerness with respect to their disabled childs' oral health was recognized in numerous researches. It is additionally significant that most Saudi families are in the propensity for contracting caretakers, to administer help to their kids and perform family tasks. Though caretakes take the major role, in our study mothers' (73.8%) took the major responsibility in bushing their autistic kids \[[@ref47]\]. Window of opportunity to brush for these children is very less so use of electric brush may help but because of the insignificant sound makes the child increase in anxiety \[[@ref48]\] end up not brushing so most of the families in our study preferred to use manual brushing (93.4%) over electronic tooth brush. Regarding the dental visit, very interestingly, the participants in our study showed no significant differences in regards to the reason for visiting the dentist as in previous research \[[@ref48]\]. Most of the children (49.2%) among our sample never went to the dentist because of increased anxiety by the child because of the foreign place, acclimatising to new sounds and smell exaggerates sensitivities making the child uncomfortable. These all make the dentist extreme difficulty leading to embarrassment to the parent so try to give extreme care to the child to avoid dental treatment \[[@ref20]\] \[[@ref48]\] but because of their type of food, dietary and hygiene habits never will the dental care is handled without the dentists' support. That's the reason; many children are taken to the dentist only if they have a problem with 36.1% of our study population attended the dentists.

*Limitations:* Small sample size; Our study did not explore the complexities of what kinds of snacks were eaten in between meals (whether it contained high sugar content or not); The autistic children not going to any of these special schools are not considered in the study; We didn't define clearly in the questionnaire the definition of regular and occasional in the questionnaire which might be a confusion to the parents while answering.

Further studies are recommended to overcome these limitations

Based on the results, it is concluded that the parents should be educated on how to maintain the good oral hygiene particularly for autistic children which is an integral part of the optimal dental health via proper diet, dietary habits and adequate oral hygiene by regularly visiting the dentist to have a long-term good oral health. Future studies should focus on projects that would encourage the parents or caregivers in improving the oral hygiene of these autistic children.
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